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INTRODUCTION 
In Western Montana, the Holloway series is one of the most exten­
sive Brown Podzolic soils found under forest vegetation. It also occurs 
over a wide range of elevation. The primary purpose of this study was 
a better characterization of the Holloway series as a taxonomic unit. 
If no important chemical, physical, and mineralogical differences are 
found within this series, extensive areas can be more easily mapped. 
This study was part of the pilot project soil survey of the Nine-
mile Ranger District, Lolo National Forest. This survey will supplement 
similar projects now in progress throughout the United States. The basic 
knowledge gained from these projects will be used as an aid for mapping 
forest soils in the future. 
The Holloway series is one of 22 series appearing within a water­
shed area of approximately 200 square miles. Because of its wide range 
in elevation and similar parent material this series embraces large 
areas of isolated, mountainous country. Also, because of inaccessibility, 
soil investigations have, for the most part, been confined to areas ad­
jacent to maintained trails. It was thought, therefore, that if a 
difference could be found within certain elevational limits much mapping 
time could be saved in the field and aerial photographs used to greater 
advantage. 
Although this study was made to provide basic soils information 
for the pilot project soil survey, it may be helpful to other profession— 
al fields. Some of the uses are in forest management, range management, 
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wildlife management, and engineering. For example, forest managers can 
use this information in soil-site studies, reforestation projects, etc. 
Range and wildlife managers can use the findings for reseeding purposes 
of depleted ranges to suitable forage plants. Engineers can use the 
information as an aid to adequate construction practices. 
REVIEW OF LITERATURE 
Literature on the physical and chemical characteristics of the 
Holloway soil series is limited. Likewise there has been little work 
done on the effect of elevation on soil characteristics other than pH 
and soil organic matter. Cox (1957) 1/ has investigated and described 
the Holloway series at 7,000 feet above sea level. A description, as 
given by the Soil Conservation Service, can be found in the appendix 
(Page 46). 
A study of soil differences by elevation changes is unique in 
that the sequences encountered along a mountain slope should be similar 
to a north and south transect. The soil forming factors — climate, 
vegetation, parent material, and topography can be examined within a 
relatively small area. 
Retzer (1948) studied soils developed from basalt in western 
Colorado. He found the thickness of the A horizon increased from about 
6 inches to more than 16 inches, reaction decreased ftompH 8.0 to an 
extreme of pH 4.5, and that organic matter increased from 1.3 percent 
to about 6.0 percent as the elevation increased from 5,000 to 10,000 
feet. 
Hockensmith and Tucker (1933), who also worked in Colorado, found 
that the nitrogen content of the surface three inches of forested soils 
increased from 0.25 per cent at 5,000 feet to about 0.9 per cent at 
10,000 feet. A 
1/ Literature cited 
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In tfyoming, Thorp (1931) found that an increase in rainfall 
increased the darkness of the horizon and that, other things being 
equal, the thickness of the upper B horizon also increased. The pH 
also decreased with increasing elevation. It was found that pH was 
lower in forested soils as compared with prairie soils under the same 
rainfall conditions and that pH was highest in the C horizons. 
Sievers and Holtz (1923) found that surface soil nitrogen and 
organic matter increased with altitude. At 1,000 feet the nitrogen 
content was 0.05 per cent and at 2,000 feet it was 0.1 per cent. They 
also found that variations in precipitation apparently have no influ­
ence on the percentage of total phosphorous and potassium in the soil, 
and that calcium was only slightly influenced by precipitation. 
Jenny (1941) cites several previous studies of vertical zonation. 
Working in a virgin tropical forest, Harden found that with increase in 
altitude both organic matter and nitrogen content rise. In Hawaii, 
Dean suggested that the nitrogen and carbon ratio was positively related 
to altitude. In corroboration of other authors it was established, in 
the Carpathian Mountains of Czechoslovakia, that acidity of the surface 
layer increased with altitude. Jenny verifies Dean's findings by stat­
ing that the C:N ratio seems to become somewhat wider with decreasing 
temperature. 
LOCATION AND DESCRIPTION OF THE STUDY AREA 
A total of 14 plots was located and sampled at elevations ranging 
from 4,400 feet to 6,950 feet above sea level. All of the plots with 
the exception of two, which were sampled in October, 1958, were investi­
gated during the summer field season of 1959. The plots are located in 
the Ninemile drainage which is situated approximately 26 miles west of 
Missoula, Montana north of U. S. Highway 10. (See Figure 2 for area and 
plot location.) The particular slopes under study are those that form 
the ridge running in a northwesterly and southeasterly direction. This 
ridge lies to the east of Ninemile Creek with Squaw Peak being the prom­
inent mountain at an elevation of 7,997 feet. The study area embraces 
about 41 square miles of forested lands. 
Topography 
Topography of this area is steep and mountainous. Stream patterns 
are generally parallel and are controlled by geologic structure. The 
maximum elevation of the ridge is 7,997 feet and the minimum is approxi­
mately 6,950 feet; the average elevation of this ridge is approximately 
7,250 feet. The average elevation of the whole area is approximately . 
5,700 feet. The land slopes to the southwest with all drainage into Nine 
mile Creek. The average slope is approximately 35 per cent, with the 
tributary creeks having "canyon" slopes of from 40 to 75 per cent and the 
ridges having slopes of approximately 20 to 35 per cent. With the excep-
tion of two roads, one at the south and one at the north end of the area, 
access is only by Forest Service trails. 
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Climate 
No year-long weather stations are present in the area. The 
nearest stations, Missoula and Superior, are in valley areas twenty 
to forty miles distant. On the basis of their records it is estimated 
that total yearly precipitation is about 15 to 18 inches in the valley. 
Precipitation increases with elevation to probably 40 inches on Squaw 
Peak. Most of the moisture in the mountains is in the form of snow. 
The first snow falls in October and remenants can be found in protected 
depressions as late as July. The presence of white pine, cedar and 
grand fir indicates that higher precipitation, particularly in the north­
ern sections, may be due to special storm paths and not to elevation. 
In the valley average annual temperature is about 45 degrees Fahren­
heit. If temperature falls about three degrees per thousand feet, the 
mountain divides would probably show an average annual temperature of about 
28 degrees Fahrenheit at 7,200 feet and at 4,400 feet it would be about 41 
degrees Fahrenheit. Climate of areas comparable to Ninemile are shown in 
Table I. 
Geology 
Ninemile Valley is a northwest extension of the Missoula Valley 
basin area. The bedrock of the mountain is chiefly hard, dark gray argil-
lite and quartzite of the Ravalli and Piegan group, Belt geologic forma­
tion. These are chiefly nonclacareous rocks. Although no evidence of 
mountain glaciation was found on the west side of the ridge, some cirques 
were found just over the main ridge to the east. 
A prominent fault on the east side of the valley generally sepa­
rates the mountains from the valley. In general the study plots were 
TABLE I 
CLIMATIC DATA OF SELECTED STATIONS l/ 
Station 57 Temperature (Average) 
OO 
Location jan» Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. ^ve. Frost 
Elevation Ann. Max. Mm, Free P. 
Ninemile R.S. r~ 
Missoula Co. 55.3 60.0 65.7 61+.8 56.3 1+7.9 95.8 
3200' 
Superior 
Mineral Co. 23.7 29.1 37.0 1+6.0 53.8 60.0 67.1+ 65.1+ 57.2 1+7.0 31+.3 27.5 1+5.7 95.0 -3k 101 
2730' 
Missoula 
Missoula Co. 32.1+ 27.6 36.0 1+6.5 5iw5 60.3 68.lt 61+.1+ 57.1+ 1+6.1+ 33.5 26.1+ 1+5.6 95.0 -3k 128 
3172' 
Station Precipitation (Average) 
Location Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. fve* ^-®_3/ 
Elevation Ann. Index 
Ninemile R.S. 
Missoula Co. 1.19 1.87 1.11 0.69 0.87 2.01+ 
3200' 
Superior 
Mineral Co, 1.38 1.16 1.16 0.98 1.51+ 2.11+ 0.71+ O.69 1.00 1.1+6 1.53 1.65 15.1+3 1+2.70 
2730' 
Missoula 
Missoula Co. 0.86 0.71+ 0.61+ 0.91 1.80 2.05 0.91 0.68 1.02 0.91 0.91 1.13 12.56 28.70 
3172' 
l/Climatological Data for Montana, 1957 Summary 
2/All data are based on long-term averages. The Ninemile station data are based on 1951+-1958 records. 
3/Soil Conservation Service, Bozeman, Montana 
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above this fault. It is probable that all soils contain some loess de­
posits, particularly those above 4,000 feet elevation. 
Associated Soils 
The first soils encountered on the lower mountain slopes are Gray 
Wooded stony loams. These soils begin at elevations of about 4,100 feet 
and extend up to approximately 5,000 feet. At the upper reaches they are 
associated with Brown Podzolic soils and profiles often represent Brown 
Podzolic intergrading to Gray Wooded soils. (See Figure 1) These stony 
loam soils are 2 to 4 feet thick over bedrock. 
At approximately 5,000 feet and above, on the eastern side of the 
valley, Brown Podzolic soils occur. These are the Holloway soils. There 
are patches of savannah-like areas of grass, particularly on south facing 
slopes and ridge tops, intermixed with the Holloway soils. These sod type 
soils show a characteristic dark colored A^, brownish and gray C hori­
zon sequence. Where forest vegetation is creeping into these grassy areas 
the A^ becomes very thin and the soil is mapped as Holloway. 
Vegetation 
The increase in precipitation from valley to mountain divides plays 
an important part in the vegetative picture. At the lower and middle ele­
vations the major forest vegetation is Douglas-fir (Pseudosuga menziesii) 
and western larch (Larix occidentalis). On the south facing slopes and 
lower elevation ridges ponderosa pine (Pinus ponderosa) merges with the 
Douglas-fir in a complex fashion. Lodgepole pine (Pinus contorta),sub-
alpine-fir (Abies Lasiocarpa), and Douglas-fir are dominant at the upper 
elevations. Also at these upper elevations there are small areas of Engle-
mann spruce (Picea engelmanni) and western larch. The higher elevation 
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species such as spruce and subapline-fir follow the drainages down to the 
valley. Western red cedar (Thuja plicata). western larch, and Cottonwood 
(Populus trichocarpa) favor the lower elevation drainage ways. 
Where the moisture and temperature relationships are favorable at 
the upper part of the valley some Grand fir (Abies grandis) and western 
white pine (Pinus monticola) occur at the middle elevations. 
Whitebark pine (Pinus albicuius) occurs as scattered stands on the 
highest ridge tops. The stands of lodgepole pine may be related to fire 
history. There are downed trees from both snow and wind, especially in the 
stagnated stands of lodgepole. 
The shrub and grass understory follow positions of vertical zona-
tion. At the lower elevations, Pachystima (Pachystima myrsinitis). snow-
berry (Symphoricarpos albus). and ninebark (Physocarpus malvaceus) occur 
in mixture with each other. Above this zone, bear grass (Xerophyllum 
tenax) makes its appearance and increases in abundance with increasing ele­
vation. At approximately 5,000 feet large huckleberry (Vaccinium membrana-
ceum) begins to appear in abundance and merges at the 6,000 foot level with 
small huckleberry (Vaccinium scoparium). Pine grass (Calamagrostis rubes-
cens) is present in varying abundance in all zones and shows no set pattern 
in vertical zonation. A list of plant species found is placed in the 
appendix (Table IV). 
Site 
Site index varies for the three major timber species found on the 
Holloway soils. Site class index for Douglas-fir ranges from IV to V; lodge­
pole pine, II to III; and Western larch, III to IV. Data from the plot at 
Squaw Peak gives the following figures for subapline fir: height, 50.6 feet; 
11 
age, 166 years; diameter at breast height, 10.3 inches; and the number 
of rings in the last inch of tree growth, 54 rings. These figures are 
comparable to others found during the pilot survey. 
METHODS 
Field Methods 
All of the field data and soil samples that were used for analy­
ses were collected while the author was a member of a soil survey party 
for the U. S. Forest Service, Region I. Although this study was initi­
ated as part of a larger pilot project soil survey, there were several 
other reasons for choosing this locality: (l) a uniform parent material, 
(2) a wide range of elevation with a single soil type, and (3) the land 
faces in one direction — to the southwest. 
Two transects of three plots each were taken at right angles to 
the main divide ridge. One transect was located at Josephine Creek and 
the other at St. Louis Creek. One plot of each transect was located at 
the lowest elevation possible in the Holloway series. The other two 
plots of the transects were located at the middle and highest elevation. 
The remaining eight plots were located to give an effective elevation 
spread. (See Figure 1) Elevations were taken with an aneroid altimeter 
which registered to the nearest 50 feet. Samples were collected only 
from those soil pits that exemplified the principal characteristics of 
the Holloway series (see Page 17)• 
Once the plot was located and the soil pit dug, the profile was 
described on standard forms used in the soil survey. The depth, color, 
texture, structure, consistence, reaction and boundary of each horizon 
was described. The minor vegetation observed within a fifty foot radius 
of the pit was recorded. Tree species in the immediate vicinity of the 
12 
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pit were recorded and five trees of the dominant species were measured 
for site interpretation. In addition to the above data, the location, 
topography, parent material, and any other features that would aid in 
the final interpretation were recorded. 
About one and one-half quarts of soil from each horizon was col­
lected. In view of the fact that much of the ferrous iron is oxidized 
to ferric iron if left in contact with the air, the soil was sealed in 
polyethlene bags and brought into the laboratory for analysis. Care was 
taken not to contaminate any one horizon sample with soil from adjacent 
horizons. Because of the discontinuous nature of the horizons, es­
pecially at lower elevations, additional soil had to be collected within 
the immediate vicinity of the pit. At first, the samples were passed 
through a 2,0 mm. sieve in the field, but this practice was discontinued 
because of the time involved. Some of the pits were located 4 to 5 miles 
from the nearest road and it required most of the working day to walk to 
the pit, describe and collect samples, and walk back. 
Attempts to obtain bulk density samples were discontinued. The 
fluffy and loose nature of the soils, when dry, required too much time to 
collect samples. In one case approximately one-half hour was spent whit­
tling around the density sampler only to have the core drop out just 
before transferring it to a metal storage can. 
Laboratory Methods 
Laboratory analyses for chemical and physical properties were done 
in the soils laboratory at the School of Forestry, Montana State Univer­
sity, The x-ray analysis was done in the Geology Department, Montana State 
University. All of the laboratory tests were done by the author, except 
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the final interpretations of x-ray results which were appraised by Dr. 
John Hower, Jr., Assistant Professor of Geology. 
Exchangeable cations of manganese, iron, phosphorous, potassium, 
magnesium, and calcium were determined colormetrically with a Bausch and 
Lomb Spectronic 20 Colorimeter. Sodium acetate, adjusted to pH 5.0, was 
used as an extracting solution. Standard curves were plotted from read­
ings made on standard solutions for each test. In the extracting proce­
dure, 20 grams of air-dried soil less than 1.0 mm in size was used. Final 
readings were determined from the prepared curves in parts per million. 
Total nitrogen was determined by the standard Kheldahl method. The 
methods described by Russel (1958) were used for the determination of cat­
ion exchange capacity, total exchangeable bases, and soil organic matter. 
An unaccountable error was found, after the laboratory analyses were com­
pleted, in the procedure used for determining exchange capacity and total 
exchangeable bases. The results obtained were discarded. A comparison 
of other methods will be made at a later date to find an applicable method 
for these soils. 
Soil reaction was determined by the glass-electrode method with a 
Beckman pH meter. Graham's method (1959) of testing for exchangeable 
hydrogen was used. This method uses nitrophenol buffer adjusted to pH 7.0. 
Readings were carefully made with the pH meter and the change in pH in the 
range from 7.0 to 6.0 is read in corresponding milliequivalents per 100 
grams. 
Mechanical analysis was done by the standard pipette method. A 
volume of 10.0 ml of 1.0 N sodium hexametaphosphate was used as the dis­
persing agent, but the organic matter was not removed from the samples. 
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Moisture retention ac, 15 atmospheres (permanent wilting point) was deter­
mined with a pressure membrane extractor and retention at 1/3 atmosphere 
(field capacity) was done with the porous plate apparatus. 
The minerals and clays present were determined by x-ray anaylsis 
on a North American Phillips X-ray unit. A CuKo( tube with settings of 
40 kilovolts and 18 milliamps was used. Although an adjustment of scale 
factor was made to meet the needs of certain samples, in general the 
equipment was run with a scale of 4.0, a time constant of 4.0 seconds, 
and a scanning rate of 1.0 degree per minute. Patterns were first run 
with finely, air-dried, representative soil samples using an aluminum 
slide as a sample holder. This gave an over-all picture of the components 
present within the profile. To obtain a picture of the clays present a 
25 gram soil sample was dispersed with NaPO^ and the soil suspension was 
then centrifuged for particle orientation onto a porous clay slide. Three 
test methods were used for clay identification purposes. These were no 
treatment, glycolation, and heating at 600°C for one hour. The samples 
used with the aluminum slide were treated with glycol to provide some 
orientation of the particles. 
Except where indicated in the summary tables (Appendix) all chemi­
cal tests were run in duplicate. A single sample was used for testing 
mechanical analyses and moisture retention tests could be duplicated very 
closely. Soil samples from four complete profiles were run on the x-ray 
unit as well as a rock sample from each profile to insure that parent 
material was the same over the whole area. The profiles used were the ones 
taken from 4,400, 5,700, 6,300,6,950 foot elevations. Complete profiles 
from the 4,400 and 6,950 foot elevations were characterized for clays, 
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and samples from the , ̂ 22' 5111(1 ^ 5,700 and 6,300 foot ele­
vations were run as a check. 
Compilation Methods 
As mentioned, all tests, except where otherwise indicated, were 
run in duplicate. The duplicate results were averaged and these aver­
ages used for the summary tables and regression curves. Because all 
fourteen profiles exhibited a Bg^ horizon, this horizon is used to show 
differences with elevation. Also, the B?-| horizon, since it is the 
zone of accumulation would show the changes better than the thin and 
discontinuous A^ horizon. In the case of the total nitrogen and organ­
ic matter curves, the A^ and B^ are shown together. 
Regression curves are used to show changes occuring with eleva­
tion for those components that proved significant. A regression equation 
of the form Y = a + bx was used; Y = dependent variable (nitrogen, 
organic matter, pH, etc.), and x = independent variable (elevation). 
An analysis of variance was made for each regression line. The 
percentile level at which wbw, of the regression equation is significant 
is presented with each figure. A standard error of the estimate (SEe) 
is shown for each regression line. 
RANGE IN CHARACTERISTICS OF THE HOLLOWAY SERIES 
The Holloway soils are confined to upper elevation areas where 
the climate is more conducive to podzolization. No simple explanation 
of the relationship between the intensity of podzolization and the 
character of the climate can be given here. The complex nature of the 
mountainous terrain lends itself to a complicated pattern of micro 
climates. Therefore, it can be readily seen that micro differences may 
be found within a macro area. In this study only those profiles that 
were on south-facing slopes, and usually on truncated ridges were ex­
amined for differences. 
As mentioned previously, a description of the Holloway series, 
as mapped by the Soil Conservation Service in the Bitterroot Valley, 
Montana, can be found in the Appendix. The following is a descrip­
tion of the characteristic features of a typical profile mapped during 
this investigation. 
A T h i c k n e s s  ̂  t o  k  i n c h .  L o o s e  n o n - d e c o m p o s e d  c o n i f e r o u s  
litter. Strongly acid (pH 4.5 to 5.0). 
Aq Thickness l/8 to l/2 inch. Highly decomposed organic 
material with pH 4.3 to 5.4. 
0 to 1 inch. Light gray when moist and light gray-brown 
when dry, sandy loam. Weak-very fine platy structure and 
a pH of 4.2 to 6.5. Consistence is dry, soft, moist, fri­
able, nonsticky, and nonplastic. This horizon has an 
abrupt discontinuous boundary to the B^. Abundant fine 
to very fine roots, some medium roots. 
17 
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1 to 6 inches. Light yellowish-brown when dry to dark 
brown when moist. Weak-very fine crumb, silt loam, about 
15 per cent angular rock. Soft, friable, and slightly 
sticky. Clear wavy to irregular lower boundary having 
abundant fine and very fine, few coarse and medium roots. 
Slightly acid (pH 5.4 to 6.9). Some iron concretions 1 
to 2 mm in size. 
®22 ^ "k° 15 inches. Yellowish-brown when dry to dark yellow­
ish-brown when moist. Dry loose, slightly sticky silt 
loam with pH 5.5 to 6.8. (About 25 per cent.) Small angu­
lar rock. Very fine crumb to weak medium sub-angular 
blocky structure; clear wavy transition. Abundant fine 
and very fine, and few coarse roots. Few iron concre­
tions about 1 mm in size. 
C 15 to 36 inches. Gray to white when dry and light gray 
to very pale brown when moist, acid (pH 5.5 to 6.8) sandy 
loam approximately 70 per cent coarse cherty rock. Massive 
structure. Few fine and coarse roots. Silica coatings on 
rock surface, clear underneath with few clay films. Depth 
to bedrock varies in some cases to 5 feet. 
D Argillite bedrock. 
Bear grass was used as an indicator of the Brown Podzolic soil. 
The typical profile was noticed, at the lower elevations, when clumps 
of bear grass were first observed. Also, as the bear grass increased in 
abundance so would the continuity of the Brown Podzolic soil. This se­
quence follows the pattern of increasing precipitation with increasing 
elevation. 
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The horizon sequence varies somewhat. The A^ horizon, especial­
ly at lower elevations, is discontinuous, but at the higher elevations 
(above 6,500 feet) this eluvial horizon becomes more prevalent, both in 
depth and continuity. Disturbances of the surface layer by logging prac­
tices, windfalls, cattle grazing, and fire, plus the nature of the climate, 
may be a cause of the discontinuous nature of the k^ at lower elevations. 
Where the unit mapped as Holloway is in close proximity to turf­
like grass areas, a dark brown horizon can be found. In the three 
cases where it was found, this horizon was about 4 inches in thickness 
with a silt loam texture. In no profile, that has been developed under 
an overstory of forest vegetation for long periods, was there a hori­
zon. It can only be assumed that trees are encroaching upon the grassy 
areas, because of the presence of an k^ - sequence 100 feet away from 
an sequence under grass, with the being thinner under forest 
vegetation. The higher year-round moisture relationship and forest vege­
tation might presumably account for this sequence change. 
At the higher elevations, adjacent to areas of exposed and broken 
rock, viz., mountain tops, quite a different horizon sequence appears. 
An Ag» ^21* ®22* ®23' 811(1 ®24 secluence occurs with the absence of any C. 
In one case a pit 46 inches deep was dug with only an indication of 
weathered bedrock present on the topside of the larger rock fragments. At 
this depth the volume of rock was approximately 95 per cent. This may be 
explained by the presence of loess which would sift down through the rock 
crevices and accumulate. Vegetation stabilizes the soil by preventing it 
from being blown away, such as would happen on the more exposed and higher 
pinnacles. The presence of loess will be discussed in the next chapter. 
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If weathering has progressed to the point where there is an accumu­
lation of sesquioxides in the lower profile region, there may be a hori­
zon. This horizon can be distinquished from the Bg and C by color and 
structure. The matrix of the B^ is mottled with a brownish-yellow color 
and has formed very weak subangular blocklike aggregates. Texturally, the 
horizon is the same as the C, sandy loam. 
Based on the 14 samples from this study and 24 profile notes gather­
ed from the pilot survey, the B horizons darken in color with increasing 
elevation. This was also found true by Thorp (1931)• The color increases 
from a yellowish-brown (10 yr. 5/4 or 6/4) to dark yellowish-brown (10 yr. 
4/4) when dry; when it is moist, it goes from a dark or dark yellowish-
brown (10 yr. 4/3 or 4/4) to a dark colored brown (10 yr. 3/2). As preci­
pitation increases, the accumulation of organic matter becomes more appar­
ent (Figure 6) in the lower horizons at higher elevations. 
Other features need mentioning. Charcoal can be found in the sur­
face soil, and occasionally in the G horizon where fire burned down the 
roots. Erosion is almost nil and surface stone and rock is present in 
amounts of less than 5 per cent. 
As it can be seen from the above discussion, there are deviations 
from the modal unit which add to the complexity of mapping. It would be 
difficult, especially in this mountain country, to search out and map each 
single unit or deviation. With the description, as given here, and its 
deviations in mind, it is suggested that no changes be made in the present 
mapping of the Holloway series in the pilot survey. When the Ninemile 
watershed comes under more intensive management, the soils mapping should 
also be intensified. 
MINERALOGICAL CHARACTERISTICS 
The mineralogical analysis, by x-ray diffraction methods, shows 
the argillite bedrock minerals to be quartz, mica, and feldspar. Tables 
II and III show the minerals and clays and the relative quantities pre­
sent in two profiles, at the 4,400 and 6,950 foot elevations. Plate I 
shows the x-ray patterns of the soil from the 4,400 foot elevation plot 
and Plate II shows the clay patterns from this profile. Plate III shows 
the soil and clay patterns of the B^ B23 k°rizons the 6,950 foot 
plot. 
Mineralogically speaking, the profiles are bi-sequel in develop­
ment. This can be explained by the presence of a completely different 
horizon in the B?p as compared to the adjacent horizons. The B^ is of 
loess origin whereas the C or lowest horizon is of residual material. An 
examination of Plates I and III and Tables II and III show the B^ horizon 
t o be higher in feldspars and lower in quartz than the Bg^, or C. 
Horizons above the have less quantities of feldspar because of weather­
ing processes in this profile region. The lowest in each profile demon­
strates the reverse, large amounts of quartz, moderate amounts of mica and 
small amounts of feldspars. These clay particles would have to be trans­
ported by wind, for there has been no glaciatlon in this area and the C 
horizon and bedrock has small amounts of feldspar and mica. Their origin 
may be from any place to the west, the direction of prevailing winds. A 
study of the loess origin would be a very interesting one. 
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TABLE II 
Minerals and clays present, plus the relative quantity, in the 
4,400 foot level profile. 
Horizon Minerals Present Quantity 
A2 
Quartz 
Feldspar 
Mica 
Same as 
B21 
Quartz 
Feldspar 
Mica 
Very large amounts 
Less than C 
Much less than the C 
B22 
Quartz 
Feldspar 
Mica 
Less than rock from C 
More than rock from C 
Very little 
C 
Quartz 
Feldspar 
Mica 
Very large amounts 
Little, but less than 
rock from C 
Moderate amount 
Rock 
from 
C 
Quartz 
Feldspar 
Mica 
Very large amounts 
Little 
Moderate 
Horizon Clays Present Quantity 
A2 
Illite No significant differ­
ence from 
®21 Illite Same as B^ 
B22 
Illite 
Chlorite 
Kaolonite or 
Halloysite 
Very little less clay 
Very little than the C 
Trace 
C 
Illite 
Chlorite 
Kaolinite 1/ 
Large amounts 
Little 
Very little 
1/ Questionable because of nearly obscured peaks in x-ray pattern. 
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PLATE I 
X-ray patterns of soil samples from the A B , B C horizons, and 
rock of the C at 4,400 feet elevation. Note the difference of the B„ 
from the adjacent patterns. 22 
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PLATE II 
X-ray patterns of clay samples from the A B B0_ and C horizons at 
4,400 feet elevation. Note the different of^the g from the adjacent 
patterns 
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TABLE III 
Minerals and clays present, plus the relative quantity, in the 
6,950 foot level profile. 
Horizon 1/ Minerals Present Quantity 
B21 
Quartz 
Feldspar 
Mica 
Horizon not signifi­
cantly different 
from 
B22 
Quartz 
Feldspar 
Mica 
Less than rock frpm B„_ 
4 or 5 times more than 
rock from Bp„ 
No appreciable amount 
B23 
Quartz 
Feldspar 
Mica 
Same as rock from Bp-
Less than rock from 
Much less than rock from 
BP^ 
Bock 
from 
B23 
Quartz 
Feldspar 
Mica 
Very large amounts 
Little 
Moderate amount 
Horizon Clays Present Quantity 
B21 
Illite-Montmorillonite 2/ 
Vermiculite 
Less than B^ 
B22 
Too little clay 
minerals present 
for satisfactory 
results 
B23 
Illite-Montmorillonite 2/ 
Chlorite 
Vermiculite 3/ 
Halloysite 3/ 
Moderate 
Very little 
Trace 
Trace 
l/ A. and C horizons not sampled. 
2/ This is a mixed layered clay. 
3/ Questionable because of nearly obscured peaks in x-ray pattern. 
26 
PLATE III 
9?? 
' •-"v-'.VAi 
J 
J 
V 
Ivwyy^J 
% V ,  *"13? A° 
V*wvl 
Ho^ * ?lo° *i - ' »r.; 
X-ray patterns of soil (top) and clays (bottom) from the B22 and B23 
horizons at 6,950 feet elevation. 
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More loess has settled at the higher elevations as is evidenced by 
the greater quantity of feldspar in the B^ at higher elevations. Al­
though Tables II and III and Plates II and III show little quantities of 
clays, figure 2 demonstrates that there is an increase in the percentage 
of clay fractions 1/ with increasing elevation. 
X-ray analyses reveals that there are less clay minerals 2/ of 
clay size in the B^ °? the higher elevation profile than in the lower 
profile. The lowest horizon of each profile has a higher ratio of clay 
minerals to colloidal material than does the upper horizons. The clays 
in these lowest horizons are derivatives of weathered rock. 
There are several conclusions that can be drawn from the data 
given, (l) A mechanical analysis, especially of the clay size fraction 
does not give the true picture of the changes occurring with elevation. 
A mechanical analysis displays an increasing trend in the percentage of 
clay (Figure 2), but the mineralogical analysis shows a decrease in clay 
minerals. (2) Although mineralogical analyses have established the pre­
sence of loess in this area, there is no suggested division of soil series 
to allow for this. Most of the problems resulting from loess would be 
chemical. The nutrient supply or value of this loess would be low due to 
the low supply of clay minerals. 
1/ Clay fractions are defined in this paper as all fractions smaller 
than 0.002 mm in diameter. 
2/ Clay minerals are the naturally occurring crystalline structures 
(illite, montmorillonite, etc.) of clay size. 
PHYSICAL CHARACTERISTICS 
With the exception of the clay size fractions, the physical charac­
teristics are similar at all elevations. All of the horizons are silt 
loams except several A^ and C horizons which are sandy loams. Graphic a-
nalysis indicated that available moisture increased with elevation, but 
this trend was not statistically significant. Tables V, VI, and VII summa­
rize the percentages of sand, silt and Clay separates as determined by the 
pipette method. Tables VIII and IX give a summary of water retention at 
1/3 and 15 atmosphere of tension and Table X shows the available moisture 
for this soil. 
As can be seen in Table V the percentage of sand does not change 
significantly with elevation nor does the silt content. 
It was explained previously that the percentage of clay size frac­
tions increased with increasing elevation. Figure 2 shows the rate of 
increase and SEe for this relationship. The rate of increase is from 4.8 
per cent at 4,400 feet to 7.8 per cent at 6,950 feet. Due to the small 
percentage of colloids, it would not take a large increase to produce this 
relationship. As mentioned previously, loess increased with elevation, 
which may account for the increase of clay fractions. These results are 
similar to findings obtained elsewhere. A mechanical analysis of two Brown 
Podzolic soils in Connecticut showed a relatively low clay content, approxi­
mately 5 per cent (Tamura, 1956). Jenny (1941) presented a curve showing 
an increasing relationship of colloidal material with increasing rainfall. 
This was of the surface layer (0 to 10 inches) of soils along the 11°C iso­
therm of Kansas and Missouri. 
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FIGURE 2 
I - -O.U18 + 0.0012 X 
b sig. at 1$ level by F test 
SEe - 3.25 
12 
10 
Uooo 5000 6000 7000 
Elevation (feet) 
The relationship of clay and elevation in the B22 
horizon. 
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The soil is poorly aggregated and has weak structural qualities. 
Silt is the main soil fraction and would be the first to flow in soil 
movement. If careful consideration were not given to good road loca­
tion and road grades were too adverse, erosion might take place. Also 
because of the relatively shallow depth of bedrock, bad logging prac­
tices may enhance the erosion possibilities. 
No discussion is given here as to whether this soil has a high or 
low water holding capacity. There are no figures available to compare 
with the ones found in this study. 
It is concluded that the texture of the soil, which is a silt loam, 
is not affected by the increase of clay separates that occur with in­
creasing elevation. 
CHEMICAL CHARACTERISTICS 
Other authors have shown that certain soil properties exhibit verti­
cal zonatlon relationships. Most of these previous investigations were 
limited to differences in soil reaction and the carbon-nitrogen ratio. 
Many of the chemical changes presented here are presumably related to the 
decrease in clay content that occurs with increasing elevation# 
The main exchange ion in this soil is hydrogen and it increases with 
increasing elevation (Figure 3 and Table VI), The increase of exchangeable 
H ions is reflected by the decreasing pH values of the soils (Figure 4 and 
Table XII). These relationships can be attributed to the higher precipita­
tion at upper elevations. Increasing precipitation intensifies the eluvi-
ation process and increases the supply of H+ ions. This is reflected by 
the pH values. Figures from 24 profiles investigated during the pilot 
survey show the following: In the B22 811(1 ® horizons, pH goes from 
about 6,9 at 4,500 feet elevation to about 4.4 or 4.8 at 7,000 feet. The 
A2 was the most acid with a pH of approximately 6,3 at 4,500 feet and 4.2 
at 7,000 feet. 
Nitrogen was found to increase with elevation as was the percentage 
of organic matter. The regression curves in Figure 5 present this relation 
ship of nitrogen in the A^ and horizons, and Table 13 summarizes the 
data by profile and horizon. Figure 6 and Table XIV indicate that organic 
matter also increases with elevation. When the C:N rations (Table XV) are 
grouped into 1,000 foot classes, the ratio becomes narrower with increas­
ing elevation. However, statistically the C:N ratio showed no tendency to 
increase in the B^. This would happen when decomposition processes reach 
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FIGURE 3 
i « -1,531 + (0.0017) X 
b sig. at ~L% level by F test 
SE. 3.02 
J 
Uooo 7000 £000 6000 
Elevation (feet) 
The relationship of exchangeable hydrogen and elevation 
•in the Boi horizon. 
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FIGURE b 
Y - 7.5U2 + (-0.00026) X 
b sig. at 1$ level by F test 
SEe - 0.39 
• • 
iidbo 5ooo 6000 7000 
Elevation (feet) 
The relationship of and elevation in the B2 
horizon. 
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FIGURE 5 
0.35 
- A2(X) 
Y - -0.131 + 
b sig. at 1% 
SE - 0.039 
0.30 
0.000055 X 
level by F test 
®2l(•) 
- Y - -0.123 + 
b sig. at \% 
SEe - 0.051 
0.25 0.00001*2 X 
level by F test 
1 0.20 
£ 0.15 
0.10 
o.o5 
iiOOO 5ooo 6000 7000 
Elevation (feet) 
The relationship of nitrogen and elevation in the Ag 
and B21 horizons. 
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FIGURE 6 
A2 (x) 
t- 3.2k + 0.0003 X 
b sig. at 1% level by F test 
SEe - 1.85 
Bpi (.) 
Y - -2.18U + 0.00077 X 
b sig. at 1% level by F test 
SEe - l.Oii 
—L 
7000 1*000 5000 6000 
Elevation (feet) 
The relationship of organic matter and elevation in the 
A2 and B2i horizons. 
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equilibrium. The percentage of nitrogen being removed equals the total 
carbon being lost. Table XVI shows the relationships of organic carbon 
to elevation. 
An MF" test indicated that soil iron content was not affected by 
elevation. Table XVIII summarizes the results of the iron analyses. No 
magnesium was present in any of the samples tested. Three reasons can 
be given for the apparent deficiency of magnesium: (l) The parent ma­
terial is void or nearly so of Mg. (2) This soil, a Brown Podzolic, 
being associated with regions of high precipitation, may have had the Mg 
leached away. (3) The supply, apparently very low, may be fixed by the 
soil complex. Further investigation of this problem may be in order. 
Although Sievers and Holtz (1923) found that calcium is only slight­
ly influenced by precipitation, this study shows that exchangeable Ca , in 
proportion to the amount available, decreases sharply with increasing pre­
cipitation. See Figure 7 for the regression line of the B^ horizon and 
Table XVIII for the summary of all profiles. With hydroden being the main 
exchange ion, Ca is replaced by H ions and is lost to drainage. 
The amount of available potassium in the B^ decreases from about 
54 ppm. at 4,400 feet elevation to about 10 ppm. at 7,000 feet (Figure 8). 
Table XIX shows that there is a general decrease of K in all horizons with 
increasing moisture. Figure 9 represents the decreasing relationship of 
manganese with increasing elevation and Table XX shows data for all pro­
files. Although no significant change could be extracted from the data of 
phosphorous, Table XXI shows that the available supply is low for this soil. 
The complex nature of increasing precipitation and decreasing amounts of 
clay minerals contribute to the decreasing amount of available minerals. 
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FIGURE 7 
I - 277.735 + (-0.0391) X 
b sig. at ~L% level by F test 
SEjj - 1*7.51 
180 
150 
120 
* 
1*000 5000 6000 7000 
Elevation (feet) 
The relationship of exchangeable calcium and elevation 
in the Bgj horizon. 
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FIGURE 8 
Y - 100.191 + (-0.0127) X 
b sig. at 1% level by F test 
SEe - 10.36 
60 
SO -
1*000 5000 6000 7000 
Elevation (feet) 
The relationship of exchangeable potassium and elevation 
in the horizon. 
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FIGURE 9 
Y« 7.9U8 + (-0.0005U) X 
b sig. at 1% level by F test 
SE. 3.69 
± 
hooo 5000 6000 7000 
Elevation (feet) 
The relationship of exchangeable manganese and elevation 
in the Bg, horizon. 
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As mentioned in the introduction, the main object of this paper 
was to find some feature(s) that would warrant a division of the Hollo-
way series with elevation. From the above discussion it is apparent 
that there are differences in the chemical make-up of this soil, which 
are related to elevation or increasing precipitation. However, the dif­
ferences would not alter the present mapping of the Holloway series. To 
have the chemical features change the present mapping, they would have 
to be easily determined by field examination or by rapid and relatively 
simple soil tests. It would have been beyond the scope of this paper to 
discuss fully the chemical reactions that take place with these changes. 
However, a future investigation can be suggested to delve more thorough­
ly into this phase of soil formation and productivity. 
The Holloway series has been classified as a Brown Podzolic soil. 
| | JJ 
A comparison of this soil, based on H , Ca , K, p , and clay content, 
with other soils (Soil Survey Staff, 1952) suggest that this soil may re­
semble a podzol soil. The major inconsistency is in the thickness of the 
Ag horizon. Thickness of the A^ in the Holloway is one inch, whereas in 
podzols it averages approximately 4 l/2 inches. An investigation of the 
morphology of this soil is suggested. 
SUMMARY 
An investigation, to study changes with elevation in the Hollo­
way series - a Brown Podzolic soil, was conducted in the Ninemile Valley, 
26 miles west of Missoula, Montana during 1958 and 1959. Changes in the 
mineralogical, physical and chemical properties with elevation are re­
ported. 
The mineralogical analysis established the presence of loess 
material plus the relative quantities of certain minerals and clays in 
this soil. 
A mechanical analysis shows that there is an increase of clay size 
fractions in the with increasing elevation. At 4,400 feet it is 4.8 
per cent and 7.9 per cent at 6,950 feet. Variations in the sand and silt, 
associated with elevation change, were not considered statistically 
significant. 
The increase of hydrogen and decrease of pH in the with eleva­
tion was found to be significant. 
Both nitrogen and organic matter increase significantly with eleva­
tion in the k^ and Bg^ horizons. However, no change was found in the C:N 
ratio in the A^ and B£2 horizons. 
Available iron content was not affected by elevation. No measur­
able magnesium was present in any of the samples. The available phospho­
rous is low for this soil. 
Calcium, potassium and manganese decreases with elevations. 
The Holloway series was considered to be fairly homogeneous over 
the elevations studied and distinct in character from the soil series 
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associated with it in the area. 
The changes that do occur with elevation are not measurable in the 
field. There are no suggested changes in the mapping of the Holloway 
series. 
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APPENDIX 
HOLLOWAY ASSOCIATION, MOUNTAINOUS* 
Holloway soils developed over weathered fine-grained sandstone, 
quartzite, and argillite of the pre-Cambrian Belt formation. The parent 
material is local residuum, eonsiderbaly reworked in most places and 
probably somewhat mixed with loess. 
Profile of Holloway loam: 
A 2 to 0 inches, loose litter of pine needles; 1 to 2 
00 inches thick. 
Aq 0 to 2 inches, dark brown (dry) to very dark brown 
A^ (moist) matted and well decomposed organic 
matter mixed with soil; strongly acid; contains 
numerous living and dead fine roots. 
Bg 2 to 6 inches, light yellowish-brown (dry) to dark 
brown (moist) loam; massive and slightly firm 
in place, crushes to weak fine and medium crumb 
structure; soft (dry) to very friable (moist); 
nonplastic; numerous dark brown, fine, shotlike 
concretions, mostly one-eighth of an inch or less 
in diameter; slightly acid; clear wavy lower 
boundary; the horizon of greatest root concentra­
tion. 
C^ 6 to 14 inches, white (dry) to light gray (moist) 
massive light loam; contains a few firm pale 
yellow (dry) fine subangular blocklike aggregates, 
probably slightly higher in clay content than 
surrounding soil; soft (dry) to very friable 
(moist); strongly acid; fewer roots than in the B^ 
horizon; clear wavy lower boundary. 
Cg 14 to 30 inches, very pale brown (dry or moist) loams; 
like the horizon except that firm blocklike 
aggregates are more numerous and some are larger; 
grades to weathered parent rock. 
The depth to bedrock ranges generally from 2 to 3 feet. Fairly 
well defined but very thin A, or A„ horizons are present in some places 
but are not continuous over very large areas. 
*Taken from Soil Survey-Bitterroot Valley Area - Series 1951* No. 4 
U.S.D.A., S.C.S. in Coop, with Montana State Agr. Exp. Sta. 
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Common Name 
Subalpine-fir 
Douglas-fir 
Englemann spruce 
Lodgepole pine 
Western larch 
Whitebark pine 
Alder 
Big huckleberry-
Little huckleberry 
Mountain heath 
Oregon grape 
Pachystima 
Willow 
Bear grass 
Elk sedge 
Pine grass 
TABLE VI 
PLANT SPECIES RECORDED 
TREES 
Scientific Name 
Abies lasiocarpa. (Hook.) Nutt« 
Pseudotsuga menziesii. (Mayr) Franco 
Picea engelmanni. (Parry) Engelm. 
Pinus contorta. Dougl. 
Larix occidentalis, Nutt. 
Pinus albicaulis. Engelm. 
SHRUBS 
Alnus sp. 
Vaccinium membranaceum, Dougl. Hook. 
Vaccinium scoparium. Leiberg 
Ericaceae phyllodoce, DC. 
Berberis aquifolium, Pursh. 
Pachstima myrsinites. Raf. 
Salix sp. 
GRASSES AND GRASS-LIKE PLANTS 
Xerophyllum tenax. (Pursh.) Nutt. 
Carex geyeri Boott, Linn. 
Calamagrostis sp. Adans. 
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TABLE IV cont'd 
Lambstongue 
Pipsissewa 
Twin flower 
Arnica 
Lupine 
Thimbleberry 
FORBS 
Senecio integerrimus. Nutt, 
Chimaphila sp., Pursh 
Linnaea borealis, Forbes 
HERBS 
Arnica sp. 
Lupinus sp. 
Rubus parviflorus 
TABLE V 
RELATION OF SAND CONTENT JL/ TO ELEVATION 
Basis ll; Profiles 
Elevation—(feet) 
Horizon 1*1*00 1*500 1*61*0 1*800 5U00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
*L 
A2 50.22 20.38 30.18 
B1 1*5.92 30.37 36.51 
B2i 1*6.01 25.82 2l*e63 33.1*6 1*3.06 30.91 1*5.21 39.16 51*.57 26.25 1*1*.1*9 3l*.03 29.78 la. 91 
B22 1*5.89 28.1*2 39.67 50.58 29.20 25.56 35.57 28.68 1*7.13 
B23 1*1.11 31.36 1*0.71* 35.80 
B 50.80 
21* 
B3 26.1*6 51.27 1*1*. 36 1*0.1*7 
59.51 37.02 32.31* 5o.i*l 1*2.1*1* 1*5.08 63.61 60.88 39.1*6 51.20 
c12 5U.oi 
l/ Sand size is from 0.05 to 2.0 mm. and reported as a percentage. 
TABLE VI 
RELATION OF SILT CONTENT _l/ TO ELEVATION 
Basis llj. Profiles 
Elevation (feet) 
Horizon 1+1+00 l+5oo U61+0 U800 51+00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
A1 
A2 
1+9.39 70.92 61.93 
B 
1 
1+9.17 62.29 58.18 
B21 51.15 66.07 
66.66 62,22 U9.38 58.01 U9.ll 56.06 JUU.02 62.25 50.29 62.33 61.95 15. Hi 
B22 52.90 
6U.82 50.82 5i o oli 60.11 61+. 95 51+. 91 61+. 06 1+8.33 
B23 
5i.oo 60.79 53.31 61.35 
B2l+ 
B3 
65.2U 1+0.23 50.91 
1+8.80 
50.08 
c 
11 
3U.1U 56.70 60.63 1+2. 9h 1+6.20 1+9.26 30.52 3U.08 52.63 U2.93 
C12 1+2.1+8 
1/ Silt size is from 0.002 to 0.05 mm. and reported as a percentage 
TABLE VII 
RELATION OF CLAY CONTENT _l/ TO ELEVATION 
Basis 11+ Profiles 
Elevation (feet) 
Horizon UUoo l£oo I46U0 U800 5U00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
*L 
A2 0.39 8.69 7.89 
U.92 7.31 5.31 
B 
21 
2.814- 8.10 8.72 li.36 7.56 11.08 5.68 U.79 1.1a 11.50 5.22 3.65 8.27 6.95 
B22 1.21 6.76 9.51 6.02 10.69 9.50 9.52 7.52 U.55 
B23 
7.8 9 7.85 5.95 
B2U 
0.39 
B3 8.30 5.U9 1|.73 9.U5 
C 
11 
2.35 6.27 7.05 6.65 11.36 5.66 5.87 U.69 3.92 5.87 2.85. 
C12 
3.52 
1/ Clay size is 0.002 mm. and reported as a percentage. 
TABLE VIII 
RELATION OF MOISTURE RETENTION (l/3 atms) jJ TO ELEVATION 
Basis lli Profiles 
Elevation (feet) 
Horizon l+l+oo l+5oo 1+61+0 1+800 51+oo 5700 5700 6025 6100 6300 6575 6575 6675 6950 
*1 
A2 28.63 U3.03 30.52 
B 
1 
1+8.65 1+0.91+ 22.19 
B21 
37.21+ U7.30 30.01 33.U3 3H.50 32.90 1+2.67 38.26 3U.96 29.99 37.75 1+7.90 i+7.70 1+0.61+ 
B22 
28.59 29.12 35.U0 3U.03 27.32 25.63 21+.76 32.71 1+9.1+9 
B23 26.30 21.97 28.27 39.35 
B2k 
B 
3 
28.76 15.33 26.1+1+ 
17.02 
11.78 
°11 1U.61 21.37 20.91+ lit. 58 16.38 23.01+ 12.60 13.1+8 19.50 22.01+ 
C 
12 
12.22 
1/ In percentage 
TABLE IX 
RELATION OF MOISTURE RETENTION (15 atms) _l/ T0 ELEVATION 
Basis lli Profiles 
Elevation (feet) 
Horizon l+l+oo 1+500 1+61+0 1+800 51+00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
*1 • 
A2 13.08 6.10 15.09 5.19 
B1 
17.62 11.88 
B21 13.11 8.71 6.22 7.21+ 10.60 7.UU 12.1+0 13.27 9.98 7.25 13.55 10.32 18.90 16.10 
B22 12.51 5.11 6.93 8.91 6.1+8 5.68 l+.io 9.25 17.01+ 
B23 
5.30 3.5U 5.93 8.96 
B2l+ 
2.52 
\ U.98 2.31 1+.91 3.55 
°U 2.13 1.83 1.17 2.21 1.83 3.65 2.93 1.58 2.06 2.19 
C12 1.21 
l/ In percentage 
TABLE X 
RELATION OF AVAILABLE MOISTURE JL f TO ELEVATION 
Basis lit Profiles 
Elevation (feet) 
Horizon l+i+oo i+5oo 1+61+0 1+800 51+00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
*1 
A2 15.55 39.93 25.31+ 
31.01+ 25.81+ 10.30 
B21 
21+.13 38.59 23.88 26.19 23.90 18.02 30.26 25.00 21+.98 15.1+9 21+. 20 37.58 28.80 21+.5U 
B22 
16.08 21+.02 28.1+6 25.12 20.81+ 19.95 20.65 23.1+6 32.1+6 
®23 
B2l+ 
21.00 18.1+2 22.31+ 
11+.51 
30.39 
B3 
23.78 13.02 21.53 8.23 
12.1+8 19.51+ 19.77 12.37 H*. 55 15.71+ 9.67 11.91 17.1+1+ 19.86 
°12 11.00 
1/ By subtracting 15 atmosphere from 1/3 atmosphere moisture and reported as a percentage figure. 
TABLE XI 
RELATION OF EXCHANGEABLE HYDROGEN J/ TO ELEVATION 
Basis lit Profiles 
(Average of Duplicates) 
Elevation (feet) 
Horizon l+l+oo lt5oo 1+61+0 1+800 51+oo 5700 5700 6025 6100 6300 6575 6575 6675 6950 
*L 
12.0 
A2 7.1+ 6.7 H+.85 6.15 15.1+ 15.55 9.3 10.1+ H+.35 11.05 
B 
1 
11.7 9.5 9.0 
B21 5.15 7.65 
8.0 5.25 11.1+ 5.1+ 9.75 6.36 5.55 3.0 13.3 10.15 12.35 11.85 
B22 6.20 7.1 5.0 8.3 1.6 1+.2 8.1+ 9.75 8.1+5 
B23 
1.0 2.0 9.0 10.5 
V 
8.1 
B3 
U.85 1.8 7.75 h»9 
c 
11 
1.8 2.6 1.8 1.55 1+.1+ 0.2 5.8 2.25 0.1+ 1+.1 
°12 2.25 
1 / In m.e./lOO grams. 
TABLE XII 
RELATION OF pH TO ELEVATION 
Basis lli Profiles 
Elevation (feet) 
Horizon l+l+oo l+5oo 1+61+0 1+800 51+00 5700 5700 6025 6100 6300 6575 6575 6675 695° 
*L 
A 
2 
6.5 5.8 1+.7 6.1+ 5.8 5.0 5.1 5.1+ 1+.5 
5.0 
5.3 1+.6 1+.2* 
% 5.8 5.8 5.7 
Ba 
6.9 6.0 5.5 6.7 6.2 6.1+ 5.8 6.3 6.1+ 6.0 5.1+ 6.0 5.1+ 5.7 
B22 6.8 6.2 6.7 6.7 6.6 5.9 5.5 6.1 6.1 
B23 
6.6 6.0 5.5 5.6 
V 
B3 
6.1 6.6 5.9 
5.3 
5.3 
c 
11 
6.5 5.9 6.0 6.6 6.5 6.8 5.5 6.0 6.2 5.5 
°12 5.9 
* Determined by the Truog method in the field. 
TABLE XIII 
RELATION OF NITROGEN_l/ TO ELEVATION 
Basis 11+ Profiles 
(Average of Duplicates) 
Elevation (feet) 
Horizon 1+1+00 i+5'00 1+61+0 1+800 51*00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
A1 0.3l** 
A2 0.13* 0.10* 0.06 0.10 0.33* 0.16* 0.31* 0.07 0.13** 0.29* 0.06* 0.31** 
Bx 0.25 0.11+ 0.18 
B 0.11 0.08 0.01+ 0.01+ 0.16 0.18 0.07 0.11 0.07 0.C8 0.15 0.23 0.13 0.22 
B22 0.09 0.01+ 0.06 0.12 0.07 0.06 0.12 0.07 0.11+ 
b23 0.06 0.08 0.10 
B2U 0.03 
B3 0.05 0.03 0.07 0.05 0.03 
Ci;L 0.03 0.03 0.05 0.01+ 0.03* 0.06 0.03 0.02 0.01+ 0.02 
®12 
l/ In percentage. 
* Single scrapie. 
•JHt By Dividing Organic Carbon by 20. 
TABLE XIV 
RELATION OF ORGANIC MATTER _l/ TO ELEVATION 
Basis lit Profiles 
(Average of Duplicates) 
Elevation (feet) 
Horizon 1+1*00 1+500 1+61*0 1+800 51*00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
A], 7.17 
A2 6.10 3.1*8 3.61+ 3.38 7.33 3.60 7.1+6 6.36 1+.1+3* 1+.29 2.28 6.96* 
B 
1 3.55 6.57 3.1*6 
B21 3.56 2.88 1.53 1.1*0 6.65 2.36 2.59 3.26 2.72 3.1*8 7.21 6.58 7.00 
B22 2.69 1.11* 1.50 2.90 1.10 1.90 3.1*3 1.69 3.55 
B23 7.91* 1.31* 2.69 
B2h 0.1*6 
B3 1.10 0.52 1.31* 1.1*5 0.93 
°11 °*31 °'3i; °*2l+ 0,26 0,71 1#21 0,31 0,38 °*29 
C 0.07 . 
1/ In percentage 
* Single Samples. 
TABLE XV 
RELATION OF CARBONi NITROGM RATIO TO ELEVATION 
Basis ll+ Profiles 
(Average of Duplicates) 
Elevation (feet) 
Horizon 1*1+00 1+500 1+61+0 1*800 51*00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
Al 
A2 27.87 20.20* 36.38 20.00 12.80 13.06 ll*.01 55.91 39.51** 12.1*2 22.37 8.50 12.06 
h 8.21* 26.1*6 11.10 
B 
21 
19.63 21.1a 21+.72 18.00 21*. 28 18.51 8.57 17.05 2l*.9l* 19.1*9 19.02 29.81+ 13.20 18.88 
B22 18.11+ 18.33 lll.50 11*. 1*8 8.89 16.92 11*. 85 17.1+6 11+.51 
B 
23 
7.91* 10.26 16.25 
B , 11.25 
21* 
B3 12.31 10.00 10.83 17.50 15.88 
GVL 6.92 6.67 3.92 1*.17 12.81 5.1a 20.90 13.85 6.11 10.62 
0
 
ro
 
1 
5.00 
* By dividing the percentage of organic carbon by 20. 
TABLE XVI 
RELATION OF ORGANIC CARBON jJ TO ELEVATION 
Basis lU Profiles 
(Average of Duplicates) 
Elevation (feet) 
Horizon l*l*oo l*5oo 1*61*0 1*800 51*00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
A2 3.51* 2.02 2.11 1.96 1*.25 2.09 1*.33 3.69 2.57* 2.1*9 
I*.l6 
1.32 1*.01*h 
bI 
2.06 3.81 2.01 
W
 
, 
ro
 
I 
H
 2.12 1.67 0.89 0.81 3.86 1.37 1.50 1.89 1.58 1.52 2.02 1*.18 3.82 1*.06 
b22 1.56 0.66 0.87 1.68 0.61* 1.10 1.99 0.98 2.06 
B^_ 
23 
0.53 0.78 1.56 
B3 
0.61* 0.30 0.78 0.8U 
0.27 
0.51* 
C11 0.18 0.20 0.11* 0.15 0.1*1 0.33 0.70 0.18 0.22 0.17 
°12 O.Olt 
1/ In percentage. 
* Single Samples. 
TABLE XVII 
RELATION OF AVAILABLE IRON_l/ TO ELEVATION 
Basis 11* Profiles 
(Average of Duplicates) 
Elevation (feet) 
Horizon l*l*oo 1*500 1*61*0 1*800 51*00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
*L 
6.65 
A2 1.25 0.9 5.1*5 0.9 8.1 0.6 7.2* 
B1 1.95 
0.8 3.8 
Ba 
1.05 0.75 2.35 0.1*5 1.2 1.95 0.35 0.1* 0.92 1.05 1.15 0.9 0.7 3.55 
B22 1.20 0.85 o.5o 0.7 0.9 0.95 0.1* 0.85 0.7 
B23 
0.75 0.3 1.05 
B . 0.25 
21* 
B3 0.15 0.05 o.i5 0.25 0.05 
°11 Trace Trace 0.05 0.D5 0.1 0.1 0.35 o.i5 o.o5 Trace 1 
CM H 
O
 
• 
0.08 • 
1/ In ppm. 
* Single Sample 
TABLE XVIII 
RELATION OF AVAILABLE CALCIUM _l/ TO ELEVATION 
Basis ll; Profiles 
(Average of Duplicates) 
Elevation (feet) 
Horizon 14*00 1*500 1+61*0 1*800 51*00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
A1 38.0 
A2 93.5 235.0* 26.5 161*. 0 32.0 0 21.0* 
B1 
81.0 31.0 38.5 
B21 86.5 51*. 5 30.0 80.5 126.5 36.0 166.5 1*1.5 21.5 81+. 0 6.5 10.0 0 3.0 
B22 
1*8.5 31*. 5 70.0 85.0 121*. 5 68.0 0 15.5 0 
B 
23 
B2U 
B Q 65.5 85.5 1+1.0 
160.5 
58.0 
0 
0 
0 
0 
J 
C 
11 
22.5 1*0.0 55.0 67.5 70.0 112.5 26.5 18.0 1+6.0 0 
C12 11+.5 
1/ In ppm. 
•* Single Sample. 
TABLE XIX 
RELATION OF AVAILABLE POTASSIUM _l/ TO ELEVATION 
Basis lli Profiles 
(Average of Duplicates) 
Elevation (feet) 
Horizon l*l*oo 1*500 1*61*0 U800 51*oo 5700 5700 6025 6100 6300 6575 6575 6675 6950 
A1 25.6 
A2 66,0 30.0* 23.25 58.1 22.98 10.0 28.0* 
B1 
19.25 21*. 8 31*. 0 
B21 53.5 19.5 1*2.75 55.25 29.75 18.8 36.75 20.0 15.0 39.6 ll*. 5 15.5 7.9 13.55 
B22 
39.0 37.25 1*6.25 22.35 1*3.75 1*7.25 10.0 11.75 9.6 
B23 
1*1.55 8.0 9.55 
B2lt l*.i 
B 
3 
22.5 11.95 20.75 39.25 3.25 
cu 
12.85 15.5 10.0 12.1*5 10.7 16.2 8.2 6.1*5 15.8 3.25 
C
M
 H
 
O
 1+.0 
JJ In ppm. 
* Single Sample 
TABLE XX 
RELATION OF AVAILABLE MANGANESE jJ TO ELEVATION 
Basis ll+ Profiles 
(Average of Duplicates) 
Elevation (feet) 
Horizon Uuoo h$00 1*61*0 1*800 51*00 5700 5700 6025 6100 6300 6575 6575 6675 6950 
A1 15.5 
A2 7.2 5.7* 22.8 9.9 3.05 5.95 l.l** 
®1 6.0 1.8 0.65 
B21 
6.05 2.35 6.3 5.U5 0.65 6.3 10.35 2.85 5.75 13.3 1.95 1.65 2.65 2.3 
B22 5.1* 7.1* 3.35 0.55 1.85 2.1*5 1.15 0.1*5 1*.6 
B?^ 
2.1*5 3.3 5.05 
\ 
-
3
 
1 
C
M
 1*.5 
B 
3 
3.5 3.0 2.5 2.5 1.5 
°11 0.9 3.85 6.5 1.5 0.75 3.1* 1.7 6.5 3.9 2.2 
0
 
H ro
 6.05 
1/ In ppm. 
*• Single Sample 
TABLE XXI 
RELATION OF AVAILABLE PHOSPHOROUS jj TO ELEVATION 
Basis ll+ Profiles 
(Average of Duplicates) 
Elevation (feet) 
Horizon l+l+oo U5oo 1+61+0 1+800 51+oo 5700 5700 6025 6100 6300 6575 6575 6675 6950 
A1 1.2 
A2 6.1+5 0.9* 3.0 2.2 1.75 1.65 1.9 
h 1.15 0.8 3.7* 
®21 1.8 0.85 2.7 1.1 1.1+* 1.1 1.85 1.2 2.3 1.2 0.95 6.3* 2.05 2.2 
B22 2.2 2.8 1.1 o.8* 1.5 1.15 0.8 2.5* 2.25 
B23 
1.25 0.85 2.7 
B , 0.9 
21+ 
B3 
0.7 1.2* 2.1 1.6 1.35 
C11 
0.8 1.0 2.25 1.25 1.3* 1.0 1.1 2.1+5 1.05 1.95 
C
M
 H
 
O
 2.35 
1/ In ppm. 
* Single Sample 
